The surface composition of polycrystalline Ag-Au alloy foils is 
Introduction
It has long been specula'ted that the existence of differences in surface energies of metals can lead to selective adsorptiqn or segregation at the surface of an alloy.
Theories have been developed to describe thermodynamically the nature of this segregatiori in mixtures, both liquid and solid. 1 ' 2 ' 3 ' 4 With the advent of techniques which allow the surface layers of a solid to be probed quantitatively, the nature of surface segregation in alloys has become a topic of increasing interest and 5 controversy.
One of the most popular fields of s.tudy has been binary homogeneous solutions. Typical of such a system is Ag-Au. Silver is completely soluble in gold and, thus, they can be melted together in any proportion without phase separation. This is due to their practically identical lattice spacing, and the. fact that they have the same crystal structure; similar.meltinci po:i.nts and electronic structures. In addition, Au and Ag are relatively unreactive and the clean alloy surfaces can be prepared , and maintained ~ithout great' difficulty~· The surface energies are also different as may be expected since the heat of sublimation of Ag is The Samples were all annealed at about 1000°C for at least 100 hours. The samples were then cold rolled into foils of thicknesses 'between .010 and .015 em, which was then cut into pieces of the desired size.
No further etching or polishing was.done.
The bulk composition of the samples was' known from the amount of Au and Ag weighted out in preparing the samples. As a check, pieces cut from the foils were analyzed in solid form by x-ray fluorescence. This analysis suffered however from lack of a solidAu-Ag alloy standard. To correct · Au this, the density of the sample.with composition xb = 0.65 was determined using ~ pycnometer and a balance and the density was used to obtain the composition. This sample was used as a standard in the X-ray fluorescence.
The results of the X-ray fluorescence and of the density determination agreed ~ell with the compositions expected from the original preparation •.
. The six samples and foils of pure Ag and Au (which were rolled in the same manner as the alloys), were mounted together on a tantalum block.
The block was designed in such a way that the surfaces of the samples would be normal to the axis of the Auger analyzer. ln.fact, the samples were slightly (less than 10°) off normal. The sampleswere connected to Cu braid heating leads using stainless steel screws and Ta pieces and were insulated with mica in such a way that the samples could be heated resistively to around 400°C.
An IR pyrometer was used to estimate the
temperatures of the samples. The pyrometer was calibrated with a chromel-alumel thermocouple attached to the edge of one of the samples.
The samples were not polished, but since they were all prepared in the same manne~, their surface "finish" may be expected to be comparable.
In some cases heating and handling caused some buckling of the foils.
The effect of this is to change the angles of portions of a sample relative to the analyzer.
This introduces some uncertainty~ but since the intensity ratios could be· quite well-reproduced at various areas on the samples, this ·effect is believed to· be unimportant.
The Auger measurements were preformed on a Physical Electronics double pass type cylindrical mirror analyzer (CMA) using a co-axial .,
keV electron gun.
A primary electron beam of 4000 eV was used with a beam current of 50 to 60 Jla. ·The electron gun was always warmed up for times sufficient to stabilize the output before measurements were made.
Whenever measurements were made to compare absolute intensities from different samples the measurements were made in close succession to eliminate uncertainties due to drift in multiplier gain or 1 in the electron gun output. A modulation potential of 2V p•p with a frequency of 4500 Hz was used.
Changing samples was effected by rotation'about the manipulator axis and translation along this same axis. Fine .adjustment could be made using two ~icrometer screws on the manipulator which gave linear translation perpendicular and collinear to the CMA axis. The spectrometer was found to be extremely sensitive to sample positioning. However, a method was developed for reproducibly positioning the sample. This involved setting the analyzer voltage to the voltage expected for the high-energy minimum -6-of the elastic peak and maximizing the negative deflection by moving the sample only along the axis with the micrometer screw. The reproducibility cane from adjusting the analyzer voltage to the same value. Using this procedure the absolute intensities could be reproduced to within about 4%
following any repositioning of the sample.
The polycrystalline foils were cleaned by argori bombardment using a + Initially, the samples were contaminated with S, 0, Cl, N,. and C, which were removed by Ar bombardment. Typically, S, N, and Cl·were reduced to below the 'aetection limit while for some Au samples, especially the sample with Xb = 0.65, very small amounts of· 0 and C;, believed to be less than 10% of a monolayer in all cases, were present.
In some cases a trace of included Ar could also be seen. In cases where peak intensities from an alloy were to be compared with those of a reference, the peak intensities of the reference were run immediately after the alloy. This was then followed by a full scan of the reference to determine that it too was clean. These energies will be used to 1abel the peaks throughout the paper.
The measured intensities are given in Table I . All intensities are given as ratios of two peak intensities. Ratios of peaks of different energies are labelled Rand are·subscr;pted with the peak energies. For example, ~8; 348 is the ratio of the intensity of the Au,(68eV) peak to the Ag (348eV) peak from a particular alloy. In some cases 11011 will be included as a superscript, (for·example, R 0 68 ; 348 ), to indicate that this ratio compares peak intensities from the pure silver and gold reference samples. The label ~ is used when comparing the intensities of a peak of one particula-r ~nergy to that same peak in the pure Au or Ag references.
For example, t,:68 is the ratio of the intensity of the Au (68eV) peak in an alloy divided by the intensity of the Au (68eV) from pure Au. At first glance t,:68 would appear to represent the atom fraction of Au in the region sampled by a 68 eV electron.
A correction which proved to be significant in. some cases was applied to the data. In the spectrum o·f pure Ag a small peak was observed with a minimum at 237 eV, which thus overlapped the Au (238eV) peak. The peak was measured to be 0.003 times as intense as the Ag (348eV) pegk. The Au (238eV) peak intensity from an alloy was thus corrected by subtracting
0.003 times the Ag (348eV) peak intensity (also from the alloy), from it.
The actual (corrected) peak intensity was then lower than the measured · Au intensity as much as 35~~ for the alloy sample richest in silver (Xb = 0.15).
The corrected.values are given in Table I along with the uncorrected values.
} A slight change was observed.in the Au·(S8eV) peak which varied with alloy composition. A high.;..energy shoulder appeared in the peak, the intensity of which increased with Ag concentration. This peak was observed at 71 eV~ ·Figure 2 illust~ates the trend.
The origin of the peak was not studied, but would appear to be due to alloy matrix effects. Its existence could affect a quantitative analysis in at least two ways. A growing shoulder could alter the shape of a'peak, invalidating the assumption th•t peak-to-peak height is pro~ortional to the Auger interisity. Secondly, the growth of this shoulder may represent a change in some Auger transition or ionization probability which would invalidate the assumption that the .Auger intensity is proportional to the number of emitting atoms within the detected volume ... Regarding the first of these possibilities, the peak at 71 eV appeared to be high enough in energy that it may well have not affected the peak shape of the peak at 68 eV. The second fact that this \_ peak appeared to be enhanced by Ag concentration does not imply that the peak at 68 eV was altered .
• No trend was observed in the data which indicated .that the behavior of the Au (68eV) was affected by this development.
As such, the intensity values for this useful low-energy'peak are used.
All the va,lues presented in Table I ..
in repositioning a sample after moving the manipulator to study another sample or reference. The cause of this scatter is the extreme sensitivity of the·analyzer to sample position and also, ~ossibly, the sample buckling mentioned earlier since, in general, different parts of the sample were examined after repositioning. ' To check for effects due to possible insuf_ficient annealing or to changes in impurity levels, two sets of data are shown in Fig. 3 . These data sets represent two independent trials in which all the samples and references were sputtered and annealed and all ratios remeasured. There is good agreement between these two independent trials. The data shown in Fig. 3 are also in good agreement with data collected in earlier experiments using different pieces cut from the same samples andin which the measurements were made using a LEED 4~grid optics type of Auger analyzer. Sputtering causes the surface composition to be removed from equilibrium and annealing re-equilibrates the surfaces. The good agreement between these two.sets of data thus demonstrates that the samples were fully equilibrated.
The data given in Table I This allows data from all Auger peaks to be compared directly.
In Fig. 5 ~he values of ;68, ;238' and ;2017 for the Au peaks are plotted.
plotted.
In addition, ;348 which is the value for the Ag peak is also
The dashed lines in Fig. 4 peak and the Au· (68eV) peak. This information is hidden in the intensity ratios given in Table I .
It is useful to attempt to predict the values of these intensity ratios.
To predict this type of information a simple model for Auger ,, .,,
excitation and_ emission from a solid can be proposed by making the following assumptions:
(1) The ioni~ation and Auger transition probabilities are independent of alloy composition; that is~· there are no matrix effects.
(2) Escape depths for the alloy system depend only on energy and not upon the composition of the alloy. is ~priori assumed to be true. These equations are used to obtain the theoretical curves in Fig. 3 and in Fig. 5 . The case is the subject of Fig. 3 . The calculated surface composition for the parameters is shown in Table II . The ordering of these points is different for the two sets of data indicated in Fig. 3 . This fact and the suggested errors in Table I indicate that for this case the reversed ordering may not be significant.
The closeness of these point'S is expected from the theoretical curves.
• The'fact.that the points as a group seem to be too low may be due to uncertainty in the bulk alloy composition. " Au A bulk composition xb = .96 would put the.points onto the predicted curves.
Confirmation of these trends can be obtained by looking at the values of ~ given in Table I 
Ecos o~
Neglecting, at present, the backscattering factors (ralloylrref = 1), the values of ~68 and ~2017 for Au and of ~J4a·for Ag are calculated using {8)
and the regular solution model as before, and are shown in. Fig. 4 . The surface with no segregation is,given by {7) and is given by the dashed lines in Fig. 4 . Again, the triangl~s (~6s> are, in.general, below the circles (~2017) as are the squares (~238), but not so much as might be expected if segregation were as severe as predicted by the regular solution
The data for Ag does appear to follow regular solution model curve . Au rather well, except the samplew1th xh = .15, which has an anomalously large value for t;;.
(c) The Ba:ckscattering Correction
'
In the above discussion, the effects of backscattering are neglected.
In fact, there is a difference between the backscattering fa~tors of pure Ag and Au. Simple considerations lead to the conclusion that for a given primary beam energy the backscattering factor of the higher energy Au (2017eV) peak might be smaller than that for the Au (68eV) peak.
It can be seen that introducing this factor into E<JJ.(S) and (6) serves to lowe.: the predicted values for the curves given in Fig. 3 . The backsca-ttering also serves to enhance the values of f;;343 and weaken the values of t;; 68 for an alloy.
Physically, this can be seen as follows. The Au is a better backscatterer, and so it provides the surface region with a greater flux of exciting electrons. When Au is in an Ag matrix, the backscattered current to the Au atoms will be reduced. Thus~ Au intensities from an alloy will.be relatively weaker than from pure Au. This makes the observed Au/Ag ratios for an alloy smaller than expected from their bulk composition. Derivative Auger spectra of Au-Ag alloys and of pure Au and Ag. -------- 
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